The purpose of the study was to examine the supplementation effects of glucomannan extracted from a porang tuber (GEPT) on body resistance and growth performance of broiler chickens. A total number of 160 one-day-old broiler chickens with the average body weight of 42.39±0.58 g was kept for 35 days. The study was arranged in a completely randomized design with 5 treatments and 4 replications (8 birds each). The dietary treatments were T0= basal ration, T1= basal ration with the addition of 0.05% GEPT, T2= basal ration with the addition of 0.1% GEPT, T3= basal ration with the addition of 0.15% GEPT, and T4= basal ration with the addition of 0.2% GEPT. Parameters measured were the population of lactic acid bacteria (LAB), Coliform count, relative weight of lymphoid organs (bursa fabricius and spleen), heterophils-lymphocytes (H/L) ratio, body weight gain, feed consumption, feed conversion ratio, and mortality. Data were subjected to analysis of variance (ANOVA) and continued with Duncan Multiple Range Test (DMRT) at 5% probability. The results showed that supplementation of the diets with GEPT significantly increased (P<0.05) LAB population, decreased (P<0.05) Coliform count in the jejunum and ileum, and H/L ratio, but did not affect the relative weight of lymphoid organs, and growth performance. In conclusion, diet added with 0.1% GEPT improved the balance of intestinal microflora and increased body resistance, without any negative effects on the lymphoid organs and growth performance of broiler chickens.
INTRODUCTION
The current poultry industry is not only focused on the increasing production in quantity but also it aims to produce a healthy product for consumers. Feeding dietary additive was one of the efforts that could be implemented to increase poultry production either quantitatively or qualitatively. Recently, natural feed additives without gaining residue in the product are the most commonly popular and useful for poultry production. Prebiotic is a natural feed additive that has been widely used over the last three decades as an alternative to antibiotics because prebiotic had no negative effects on product quality and consumer health. Prebiotic was defined as a non-digestible compound that could be metabolized by the gastrointestinal microorganisms and modulated the improvement of bacterial composition and activity. These functions could provide a positive physiological effect on host condition (Bindels et al., 2015) .
Feeding prebiotic was expected to maintain the balance of gastrointestinal microbes by suppressing the growth of pathogenic bacteria and stimulating the development of beneficial bacteria (Kim et al., 2011) . Therefore, it could increase health status (Bozkurt et al., 2014) and improve the production performance of broiler chickens (Mateova et al., 2008) . Prebiotic also indicated a high ability to interfere the harmful bacteria via the competitive exclusion status on pathogenic bacteria and selective colonization of beneficial bacteria .
Natural prebiotic used in the present study was glucomannan derived from porang (Amorphophallus onchophyllus) tuber extract. Porang (A. onchophyllus) is an Indonesian local plant that produces tubers containing 50%-65% glucomannan (Yanuriati et al., 2017) . Glucomannan consisted of D-glucose monomers and D-mannose units linked by β-1,4-glycosidic bonds (Tester & Al-Ghazzewi, 2013) . Glucomannan could be fermented by endogenous beneficial bacteria, especially lactic acid bacteria LAB, to produce short-chain fatty acids, namely acetic acid, butyric acid, and propionic acid in the caeca . Short chain fatty acids exerted its effect by decreasing the pH of the gastrointestinal tract and thus inhibiting the growth of pathogenic bacteria. The balance of intestinal microflora caused a healthier digestive tract in poultry. In poultry, the health status of gastrointestinal tract related to the presence of SCFA product was associated with the inhibition of pathogenic bacteria colonization in the intes-tine and affected metabolic regulation (Meimandipour et al., 2011; .
The balance of intestinal microflora could be connected with the increase in body resistance and productivity. Intestinal microflora played an important role in the health and productivity of broiler chickens, associated with the morphology of the gastrointestinal tract, absorption of nutrient, and immunity (Kohl, 2012) . Several strains of LAB could stimulate body resistance with dendritic cell signal for the activation of T cell and B cell to produce antibody . Bursa fabricius and thymus were two organs responsible for the maturation and differentiation of B lymphocyte and T lymphocyte, respectively, in the primary lymphoid organs. These physiological mechanisms could be understood via their effects on H/L ratio as an indication of stress level in the broiler (Ruminska et al, 2008; Hosseini et al., 2016) . Body resistance as the indicator of response to the adverse effect of environmental condition or infectious disease might be reflected by the relative weight of lymphoid organs and H/L ratio. Higher body resistance and healthier gastrointestinal tract due to prebiotic feeding effect could improve nutrient uptake, thus increase broiler performance. Studies concerning the effect of prebiotics in general on poultry production performance have been conducted previously elsewhere, however, information in relation to feeding glucomannan extract derived from porang tuber, in particular, are almost not available. Therefore, the purpose of this study was to examine the effects of dietary supplementation with glucomannan extracted from porang tuber (GEPT) on body resistance and growth performance of broiler chickens.
MATERIALS AND METHODS

Animal and Ration
One hundred and sixty (160) birds of one-day-old Lohmann strain of broilers with an average initial body weight of 42.39±0.58 g were used in the current study. The basal ration was composed of yellow corn, rice bran, soybean meal, meat bone meal (MBM), poultry meat meal (PMM), dicalcium phosphate (DCP), calcium carbonate (CaCO3), premix, L-lysine, and DL-methionine (Table 1) . Energy and protein contents of the basal ration were 2965.69 kcal/kg and 21.33%, respectively. Glucomannan was extracted from porang (Amorphopallus onchophyllus) tuber-based on the method as described by Harmayani et al. (2014) . Dietary treatments were given from day 1 to day 35. Ration and drinking water were provided ad libitum. Throughout the experimental period, the experimental birds were only provided commercial Newcastle Disease Virus (NDV) vaccine through eye drops and drinking water on days 4 and 20 of the experiment, respectively.
Slaughtering Procedure and Sampling
Four birds from each treatment were randomly selected for blood and digest collections. Blood was obtained from the branchialis veins of birds' wing and placed in vacutainers containing ethylene diamine tetra acetic acid (EDTA) as an anticoagulant for heterophil and lymphocyte analysis. After being weighed, the same birds from which blood was sampled were slaughtered. Bursa fabricius and spleen were immediately removed and weighed. The intestinal digests were carefully expelled by squeezing from the jejunum and ileum into the tightly sealed of sterile sample bottles for LAB and Coliform analysis.
Variable Determination Procedure
Populations of LAB and Coliform were calculated based on Standard Plate Count (SPC) method according to Fardiaz (1993) . Lactic Acid Bacteria were enumerated on de Man, Rogosa and Sharpe (MRS; Oxoid) agar after anaerobic incubation at 37 o C for 48 h. Coliform bacteria were counted on MacConkey agar (Oxoid) following aerobic incubation at 37 o C for 24 h as red colonies. The H/L ratio was determined by dividing the number of heterophils with the number of lymphocytes (Gross & Siegel, 1983) . The relative weight of lymphoid organs was measured based on the ratio of lymphoid organ weight and live weight of the chicken multiplied by 100%. Feed consumption and mortality were recorded daily, and the calculation was based on the accumulated amount at the end of the experiment. Feed conversion ratio was obtained by dividing feed consumption with the body weight gain.
Note: *Value was calculated based on the formula of Bolton (1967) 
Experimental Design and Variables Measured
The present study was arranged in a completely randomized design (CRD) with 5 treatments and 4 replications (8 birds each). The dietary treatments tested were as follows: T0= basal ration without GEPT, T1= basal ration with the addition of 0.05% GEPT, T2= basal ration with the addition of 0.1% GEPT, T3= basal ration with the addition of 0.15% GEPT, and T4= basal ration with the addition of 0.2% GEPT. Parameters measured were lactic acid bacteria (LAB) and Coliform populations in the jejunum and ileum, the relative weight of lymphoid organs (bursa fabricius and spleen), H/L ratio, body weight gain (BWG), feed consumption (FC), feed conversion ratio (FCR), and mortality. Data were collected on day 35 and statistically analyzed using analysis of variance (ANOVA) and continued with Duncan Multiple Range Test (DMRT) at 5% probability (Steel & Torrie, 1991) .
RESULTS
Intestinal Microflora
Dietary supplementation of glucomannan derived from porang (Amorphophallus onchophyllus) tuber extract (GEPT) significantly increased (P<0.05) LAB population and decreased (P<0.05) Coliform in the jejunum and ileum. The highest jejunal and ileal LAB population was found in 0.1% GEPT (T2) ( Table 2) . However, the population of LAB due to supplementation effect of GEPT at 0.15% (T3) and 0.2% (T4) GEPT were significantly (P<0.05) higher than T0, but lower than T1 and T2. Coliform counts in jejunum and ileum significantly decreased (P<0.05) by supplementation of GEPT at any levels as compared to control (T0), but the lowest population was found in T2 treatment.
Body Resistance and Growth Performance
Supplementation of diets with GEPT did not significantly affect the relative weight of lymphoid organs (Table 3) . However, H/L ratio was significantly (P<0.05) lower with GEPT supplementation. The H/L value of T0 was the highest and significantly (P<0.05) different from the other GEPT treatments. There was no significant (P>0.05) difference on FBW, FC, and FCR due to the dietary treatments. It was observed that no mortality was found in broiler chickens treated with T2 until T4, whereas mortality at the rate of 3.12% was found in T0 and T1 treatments.
DISCUSSION
Intestinal Microflora
The results showed that GEPT supplementation stimulated LAB growth and reduced Coliform populaNote: Means in the same row with different superscripts differ significantly (P<0.05). T0= basal ration without GEPT; T1= basal ration + 0.05% GEPT; T2= basal ration + 0.1% GEPT; T3= basal ration + 0.15% GEPT; T4= basal ration + 0.2% GEPT. Table 2 . Lactic acid bacteria and Coliform populations in the jejunum and ileum of broiler chickens fed diet supplemented with glucomannan extracted from porang tuber (GEPT)
Variables
Note: Means in the same row with different superscripts differ significantly (P<0.05). T0= basal ration without GEPT; T1= basal ration + 0.05% GEPT; T2= basal ration + 0.1% GEPT; T3= basal ration + 0.15% GEPT; T4= basal ration + 0.2% GEPT. Table 3 . Body resistance and growth performance of broiler chickens given diet supplemented with glucomannan extracted from porang tuber (GEPT) tion in the jejunum and ileum (Table 2) . These results were caused by nutrient competition in the gastrointestinal tract between LAB and pathogenic bacteria in utilizing glucomannan as "food source". A previous study (Li et al., 2009) indicated that the addition of 220 mg/kg Astragalus polysaccharides (APS) increased Lactobacilli and Bifidobacteria, and decreased Escherichia coli in the ileum of broiler chickens at 21 and 42 days of age. Similarly, Rebole et al. (2010) stated that supplementation of inulin at 20 g/kg feed increased Lactobacilli and Bifidobacteria in the ileum of 35-day old broiler chickens. The mechanism of how glucomannan could modulate the intestinal milleu to produce a better condition or improve the balance of intestinal bacteria was described in the following explanation. The products of glucomannan breakdown by β-mannanase and β-glucanases in the caeca were utilized by LAB as an energy source for growth. The linkages of glucomannan could be hydrolyzed by endo-1,4-β-mannanases and endo-β-glucanases (Mikkelson et al., 2013) . Prebiotic glucomannan consisted of D-glucose monomers and D-mannose units linked by β-1,4-glycosidic bonds (Tester and AlGhazzewi, 2013) . Chauhan et al. (2012) stated that some strains of LAB, such as Bacillus, produced β-mannanase, an enzyme that able to breakdown β-1.4 bonds between glucose and mannose or mannose and mannose. Betaglucanases hydrolyzed glucose to glucose β linkages (Mikkelson et al., 2013) . Carbohydrate prebiotic could be fermented by lactic acid bacteria to get energy utilizing endogenous carbon sources as final electron acceptor but not oxygen (Mokoena, 2017) . Lactic acid bacteria (LAB) population was lower and Coliform counts were higher with supplementation of GEPT at the levels of 0.15% (T3) and 0.2% (T4) compared to T1 treatment (Table 2) . Bogusławska-Tryk et al. (2015) stated that the positive effect of prebiotic on ileal and caecal microflora was dose-dependent. Glucomannan is a water-soluble non-starch polysaccharide (NSP) (Zhang et al., 2005) . Increasing prebiotic level containing water-soluble NSP had a negative effect on intestinal microflora because the fermentative product of soluble NSP could be used as an energy source for anaerobic microbes such as pathogen bacteria, and lead to the increase in E. coli and the decrease in Lactobacillus and Bifidobacteria (Sethy et al., 2015; Kermanshahi et al., 2018) . In case of the present study, the higher level of glucomannan supplementation in T3 and T4 with watersoluble NSP contents increased Coliform counts and lowered LAB population.
The growth of LAB was highly dependent on the fermentable carbohydrates derived from glucomannan. It had been previously described that prebiotic substrate, such as glucomannan, could be fermented by gastrointestinal LAB into SCFA and lactic acid that decreased the intestinal pH. The low intestinal pH (jejunum T0= 5.21 vs. T2= 5.04; ileum T0= 6.32 vs. T2= 6.08) was the evidence indicating the effect of glucomannan fermentation due to GEPT supplementation. stated that beneficial bacteria in the gastrointestinal tract fermented prebiotic into SCFA especially acetic acid, butyric acid, and propionic acid. Short chain fatty acids brought about the lower potential hydrogen (pH) of intestinal so that Coliform could not survive well in the acidic condition. Bogusławska-Tryk et al. (2015) indicated that lignocellulose supplementation up to 0.5% increased the amount of lactic acid and SCFA, decreased the pH of the ileum and E. coli population. The similar finding reported by Markovi et al. (2009) that dietary inclusion of 0.2% MOS decreased pH of the ileum compared to the control of 6.81 to 6.50% MOS-fed broiler. However, the growth of pathogenic bacteria, such as E. coli, was optimal at pH of 7.0 -7.5, whereas pH below 7 might decrease their growth (Philip et al., 2018) . In contrast to Coliform, the low pH stimulated the growth of lactic acid bacteria ( Table 2 ). The phenomenon found in the present study was supported by the report of Wright & Axelsson (2011) that the growth of lactic acid bacteria was optimal at the pH range of 5-6.
In addition to the nutrient competition, the mechanism of the increase in LAB and the decrease in Coliform due to the supplementation of GEPT was also attributable to the competitive exclusion (CE) between LAB and pathogenic bacteria. Mannose production due to the fermentation of glucomannan by endogenous LAB could outwit the attachment of pathogenic bacteria in the intestinal lumen. Yang et al. (2009) and Saeed et al. (2017) stated that mannose did not only avoid pathogenic bacteria fimbriae type-1 attaching on the epithelial surface but also shooed pathogenic bacteria away from the intestinal wall. Mannose might replace lectin that acted as a receptor of pathogenic bacteria, and then pathogen bound to mannose molecule component passed through the gastrointestinal tract along with the dropping of excreta without colonization Saeed et al., 2017) . Competitive exclusion indicated the ability of LAB in colonizing and increasing the attachment competition to the intestinal mucous membrane. This mechanism could prevent pathogenic bacteria, such as E. coli, attacking intestinal lumen and colonization, and thus brought about the improvement of the balance of intestinal microflora (Bukhari et al., 2017) .
Body Resistance and Growth Performance
Relative weights of bursa of fabricius and spleen were not influenced by feeding dietary supplementation of GEPT (Table 3 ). The present result was supported by the previous studies that prebiotic inclusion of MOS had no significant effect on the weight of the lymphoid organ of broiler (Houshmand et al., 2012) . The weight of bursa fabricius in birds given diet supplemented with GEPT (T1-T4) was ranging from 0.201% to 0.209%. The status of body resistance of broiler was categorized high when the relative weight of bursa fabricius was above 0.2% (Sellaoui et al., 2012) . In respect to body resistance, the profile of bursa fabricius reflected the adaptability of the chickens to either inside or outside the body condition. In case of the present study, adaptability was closely related to bacterial balance that the control group (T0) had the highest population of Coliform with the lowest BAL counts. Therefore, it could be assumed that the control group chickens suffered from the unfavourable intestinal condition due to the high population of Coliform.
In case of spleen weight, no significant effect of GEPT supplementation (T1-T4) was found (Table 3) . Even though there was no change in spleen weight when the birds were fed diet supplemented with GEPT, their health seems to be better, as was indicated by the lower H/L ratio. Pathogenic bacteria such as E. coli could enter to colonize and infect spleen (Mellata et al., 2010) . Escherichia coli infection in chicken caused the increase in spleen weight (Shini et al., 2008) . However, the present result was different from those previously reported as described above. Also, it was inconsistent when compared to Fajrih et al. (2014) that crossbred local chickens given control diet, without prebiotic inulin of dahlia tuber, had higher spleen weight. The higher spleen weight could be associated with the infected state of pathogenic bacteria and stimulated the spleen to work harder which followed by the increased weight and size. Therefore, the different "nutrient" sources derived from inulin and glucomannan for the fermentative activity of intestinal LAB might be the principle cause in relation to spleen growth and function.
Anticipation mechanism of bursa fabricius and spleen against external negative influences is mainly related to the high population of intestinal pathogenic bacteria that caused the unfavorable condition in broiler chickens. It can be associated with the higher H/L ratio as an indicator of health status in chickens. The H/L ratio is closely related to bursa fabricius as a site of lymphocyte formation that played a role in the immune system against stress condition. The present results showed that broiler chickens given diet supplemented with GEPT at all levels (Table 3) had lower H/L ratio than control treatment. The result was similar to the report of Fajrih et al. (2014) that the inclusion of inulin up to 1.17% lowered H/L ratio than control. The lower H/L ratio induced by GEPT inclusion indicated that the bird was in a favorable condition or suffered low stress (Hosseini et al., 2016) . The healthier and better body resistance could be related with the increase in LAB and the decrease in Coliform due to the supplementation of GEPT in T1 to T4, as compared to control group (T0) ( Table 2 ). Since broilers fed the increased levels of GEPT in T2 to T4 had higher body resistance, there was no mortality was found in these groups. In contrast, broilers in groups T0 and T1 showed a 3.12% mortality in each group.
Dietary supplementation of GEPT did not significantly affect BWG, FC, and FCR whereas broiler chickens with 0.1%-0.2% GEPT had no mortality. However, the pattern of body weight gain was similar to that of bursa fabricius and spleen weights that GEPT supplementation had no statistically different effect. The present result was supported by Sarangi et al. (2016) that the addition of prebiotic MOS in broiler had no significant effect on body weight gain. Elrayeh & Yildiz (2012) also reported that prebiotics inulin and β-glucan did not affect feed consumption and FCR.
CONCLUSION
Dietary inclusion of glucomannan extracted from porang tuber at 0.1% improves body resistance of broiler chickens indicated by lower H/L ratio, supported by the increase in lactic acid bacteria population and the decrease in Coliform population, without any negative effects on lymphoid organs and growth performance.
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